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[Data furnished by W, E. Alger, United States cousul.] 
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NoTE.-lOn account of the meager character of the d a h  regording rainfall distribu- 
tion over the PaciEc coast districts of Mexico, the above table should be of interest. 
Attention is at once drawn to the heavy rainfall of the summer months, and the marked 
dryness of the winter and spring periods, conditions directly opposing those revailing 
along the PaciEc coast of the United States. 6. C .  D. 

TWO CLIMATIC CROSS-SECTIONS OF T m  UNITED 
STATE 8.’ 

By ROBERT DE C. WARD, Harvard University, Cambridge, Mass. 
Introduction.-Between the tnhulnted data on a page 

Of some climatological re ort, nncl nc tually experiencing 

difl’erence as great ah that hetween rending a description 
of n glncier niid seeing or clinihing over the glacier. A 
traveler wlio is solliething more than R hightseer, and who 
is interested in cliniatological “field work,” can see, even 
through n car window, types of meteorological condition.; 
m c l  their effect5 which mill give him a vivid impres4m 
of the larger fact.: of climate nnd of their control ‘n’er 
inm. Such field work is not inhtruniental. It may lie 
termed n series of “clinlntic snaphots.” The impre-- 
+ions thus gttiiecl are ineritnbly supei4ici:tl. Bat, tnkeii 
together, they constitute a sort of moving picture as 
inucli inore ririd tlinri the t nlJu1:ttcd dntn of climate as 
the real glacier iy more vivid than the piinted account. 
The writer had the privilege of taking part in the recent 
‘I’mn.ccoiitinent a1 Excursion of the Aniericnn Geogrnph- 
icnl Society. This trip gave itn excellent o portunity tr i  

were slisrply emplinhizecl, niid the “snapshots ” were rery 
clenr arid instructive. Sowe of the illipression.; thus 
gained are 1)riefly dewri1)ed here in the hope that, renders 
who may not h v e  had the good fortune to take such a 
trip niny perhaps, in sonie +light, way, &:we in the meteor- 
ologicd nd-rantages of the ~ourney .~  

the climate itself niicl o P >serving its effects, there is a 

see two climatic crohs-sections of the J p  iiited States. 
A.; the journey was mnde rapidly, the cliin a t’ 1c contrtistr 

- - _ _ _ ~ ~ _ _ _ ~ ~  -. 
1 Notes taken during the Transcontinental Excursion of the -4merican Geographical 

Society of New l-orli, huq. 2 2 0 c t .  1’4.1912. 
2 The party left New 1 ork Bug. 22, by special trah and traveled via Albany Chi- 

cago hfadlson Iluluth Tellowstone National Park Spkane, Seattle, San Franhsco, 
Salt’Lake Cit;, Denve;, Santa Fe, and the Grand’Canyon to Phoenix, Ariz. From 
Phoenn the return journey was via Kansas City, Memphis, Birmingham, Chattanooga, 
hsheville, and Washington to New York. 
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New I’or7c io Dvhth.-The favor:tble clistrihution nncl 
amount nf rainfall, and the generid uniformity of w-cntlier 
types, of climate, antl of agriculture over the nortliea5terii 
section of the United SttLtes, 1)ring fewer quicli, -1iiirp 
contrasts to the attention of the :tver:lge traveler, who 
is ttccii-tonied to a humid cliniate, than lie notes farther 
west nncl southwest, where clecreasing rainfall, irrigation, 
dry fwniing, treelessness, and deserts are btriking fen- 
tures of the lmdscape. There waq, neverthele-s, iiiucli 
of interest in the first 10 day.: of the tran+ci,ntineiit;tl 
journey. 
iclly iicross the nortliern portion of tlie ITnited State., 
:tnd of three mticycloneh, controlled the weather. The 
joii riiey wm we. t wnrrl ; t 1icrc.f ( ire t I IC +tic 
ing weittlier (onclitioiis w a s  r:tI)i(l. 
their us 11 ti1 accc ini1)minien t s ( i f  1 iigh t eniper:it 11 rv- in t 1 1 t h  

southerly winds of tlil4r eastern c u:icIrmt+, followcd 1)y 
shower- or  Iieciry rain< :~nd tlicn c i cuing, cooler wcntlirr 
on the rear. Te t  the regular -equenve of t h e  ty IC’s 
was sucli tlint no real inconvenience or clinnge of plan 
resulted from the rninh, while the cool itiii1 clear anti- 
cyclonic il:tp, with northe:t+Ierl~- am1 eitsterly wind.-, 
happened to Iw just tlie days  whicli mtbre -pent sizlit- 
seeing in tlir citie.: (C’hicngo, St. Paul, n n c l  hlinnen >oh-). 
Tlie muggy lieat of the fi1U.t cyclone w:i\ oppressive c ll iiring 
the :%+cent cof Mount Bewoii, on tliv Hiidsciii (dug. zz), 
nnd the haze of tlie -outherly w-in( l~  inteifrrecl with tlicb 
view. The ice liouses dong tlie Hu(1-on lbroiiglit ;I -ug- 
gestioii of winter cold into tlie hot 1ic)iirs of this first clay, 
:is did tlie guic1ehook’- statement that “Pouglibeepie is 
the center of ice-liont qniling.” The long trains of nieitt- 
laden refrigerator cars, hound for New Tork C’ity, em- 
phasized some of the economic consequences of our hum- 
mer heat. The rains which followed intt&red bonic- 
what with the comfort of ii morning motor excursion 
from Syracuse, but, the llrisk southerly winds of the ncxt 
de re&m were very favoridde for the view of Niagnrn 
~a! : .  from the Can:tc1irtn side, for they 1)1cw the spriiy 
away froni that side, niid the heavy witrni southerly 
rains wliicli followed fell while the party was on tlie 
train. By the time of a morning excursion, on the nest 
day, there was only the evidence of what hac1 happened 
in the swollen, iiiuddy streams, the stnnding water in 
the fields, the hent antl l~roken cornstalks, imtl the dnm- 
aged fruit trees. 

During the steamer trip from Toledo to Detroit, the 
change from the warm, muggy southerly winds in front 
of the third cyclone to the cool, dry, gists;)- northwesterly 
winds in its rear was so sudclen as  to attract the attention 
of every member of the party. The shoners from tlie 
fourth cyclone again fell during a night journey (Chicago 
to hladison). Economic climatolo,qy was illustrated at  
the Syracuse salt works, where natural evaporation is 
carried on under unfavorable conditions, owing to the 
large amount, of cloudiness ancl the high relative hu- 
midity, Idthough rain is kept of7 the evaporating basins 
by roofs. The contrast bettt een these unf:tvorable con- 
ditions of ewporation in the c l m i  cloudy, and rainy 

and clear West, was very striking. 
Duluth, “the city of perfect suimners,” as itj is called 

in some of the local aclvertising matter, greeted the party 
with heavy easterly rains on the morning of their arrival 
(Aug. 30), and again on the afternoon of the second day 
a t  that place (Aug. 31). The temporary clearing bet\\ een 
these two rainy spells gave opportunity for a trip on flat 
cam through the open-pit iron mines a t  Hibhing, and for 
t=t steamboat trip in Duluth Harbor on a chilly, overcast 

A series of six l tm~-~)re~s i i~~c  area<, nioving 

The 

East and those seen later near Salt E ake City, in the dry 

morning, with northeast winds precetling the second rainy 
spell. This precipitation all came in connection with a 
considernble area of  lo^ pressure a n d  generally stormy 
westher, covering the region west of the Lakes and es- 
tending up into western C’:inncla. These rains, hich had 
lieeii cluite generiil throughout the northwest for a week 
or niore, had interfered with hnrvestuig, niicl there were 
fears of a “tie-up ” of grain-carrying vessels at Duluth 
in consequence. Duluth’s shippUlg trzide is, na turally, 
very closely dependent upon season tilid weather. Tlie 
close o f  lake n;ivigcttinn, in November or early December, 
turn\ the tranqiortation of freight to the railroads, or l e d s  
t o  it del;z;v in shipments until the openinq of navigntioii 
in spring (alxiut Apr. 15). The iron-iiiining industry is 
dso closely dependent upon weather conditions. The 
orca freezes reticlily ilt temperntiires 10’ or so below 32” F., 
nntl precnutions niiist, be taken not to hare tlie ore on the 
carb long a t  very low temperatures. 

It is thus obvious why the loc-al iron interests, as well 
tis those which liaiiclle grain and other agricultural pro- 
duce, n ntch ltith care the local forecast3 of minimuin 
t eniperatures. The iron nillies are operat cd tllroiigh the 
winter, hut mire blasting is then neceswry. The ore is 
cliiite conimonly put into qo-cdletl stock piles, where it is 
kept for spring shipment by n atcr. h r i n q  the winter, 
11 liile tlie ore )mats are out of c~oiiimi~~ioii, tlieir crews 
scntter t o  other occuptitions, or n t t twt l  sc*lioolq or c.ollclges. 
The colt1 wuiter.; hare their (.oiiil)e~is:itio~i.;. Duluth is 
far enough ton nrcl the northn e5t to hive niany clear, 
cold, calm clays of the typical western C!anadn type, and 
to escape much pf the stormy weather of the eastern sec- 
tions. Ice-boatmg and ski-running are coninion winter 
sports. This northern latitude also puts the city on the 
northern side of the track of most passing cyclones. 
“Northetist storms” and “backhg” wmds are the rule. 
Hence the secluence of wenther changes, the kind of pre- 
cipit:ition, and the wind change4, are chnriic teristicdy 
clifkrent from those at stations farther south. 
I! til tit12 io 1 - d o  wslon c Ncriion 01 Pa rh..-Tllmugh the 

sparsely settled forests of northern Minnesota, ancl then- 
under conditions of increasing aridity, decreasing rainfall, 
inore evaporation-aniong scattering trees, the train 
passed quickly westward to the eastern border of the 
treeless Great Plains. If one may trust an impression 
gained from the window of a rapidly moving train, it 
mould seem as if thir western l h n e s o t a  country must, 
owin? to its favorable rtiinfdl, have n splen&tl future for 
furiiimg. h lmi t  a t  the eastern boundary of North Da- 
kotn is found tlie mean annu:tl isohyetal h i e  of 20 inches, 
thn t critical limit which has been of such far-reaching 
importance in the settlement ancl development of the 
Greilt Plains. “East of it, success: west of it, failure,” is 
n statement often made regarding tlie reltition of this line 
tn agriculture. Yet no fact is to-day of greater sipifi- 
cance in the history of these great Northern States than 
the extraordinary success which hns heen at tnllied in 
agriculture well to the west of this same line, by means of 
the wientific methods of soil preparation and of cultivs- 
tion hiowii collectively as dry fiirming. It would be 
convenient, and economically highly useful, i f  the limit 
of nqriculture could be dekiitely stitted in exact terms of 
inches of mean annual rainfall. This is impossible. 
There are too many other factors concerned in the rela- 
tion. The famous Red River Valley with its fertile soil, 
and its immense ‘ bonanza ” wheat farms, R S  crossed on 
a beautiful Sudsy morning in early Se teruber (Sept. 1). 

and the mean seasonal rainfall is less than 15 inches. 
Here the mean annual rainfall is a litt P e over 20 inches, 
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The rains of the past few days had turned the rich black 
soil into such thick mud that motor trips, except on hhe 
paved streets of Fargo, mere impossible. The presence of 
many ’ ‘farm hands” in Fargo emphasized the p r t  
which the unfavorable weather had played in delaying 
harvesting. I n  the great seasonal migration, from Testis 
t,o Canada, following the ri ened crops, R part of the army 

North Dakota wheat country. 
Farther west the decreasing rainfall mas clenrly evi- 

denced by t,he increase in the iiuinber of cntt,le a s  bhe 
farming area became inore and niore rest8rict,ecl. Witid- 
breaks, carefully planted ancl tended, showetl the need of 
prot,ect,ion against the high winds which sweep over 
bhese great, northern plains, and emphasized their iint#urnl 
t,reelessness, escep t along the river valleys. The neces- 
shy of a proper select,ioii of the trees which will grow 
under the unfavorable climatic environment of t,his region 
was emphasized by the sign on a nursery 111 the valley of 
t8he Cheyenne River: “Northwestern Nursery Co. The 
best trees for the prairies.” Snow fences, ofteii double, 
along the rnilroad indicated t8he climntic. 1in.nclicap of 
drdting snow in the minter blizzards. In  inany pl:ices 
the Nort81iern Pacific Railroad is replacing the siiow 
fences with trees, and while thiv is succeeding fairly well 
in+eastern sections, it  becomes more and more diIficult in 
the West. Windmills gave clear proof of the necessity of 

Thus the westward journey across the 
L e n t  Plains gave a vivid picture of the importance of t8he 
rainfall and wind control. S t  Bismarck, N. Dak., some 
irrigation was noticed, but not yet on a large sc.nle. 
Dry farming has been so successful throughout an es- 
tended area in the Far West, in recent years of heavy 

recipitation, that the need of irrigation in the long run 
Eas not yet been realized by hundreds of farmers who ha,ve 
prospered without it. At Meclora, in the “Bad Lands” 
of western North Dakota, the aridity was indicated by the 
presence of the sagebrush and of scattering cactus; while 
the strong winds, carrying clouds of dust, tilid the marked 
diurnal variation of temperature under x clear, ant,ic.y- 
clonic sky, with a wonderfully clear, c,oo1, calm night, 
added t,o t,he typical siimnier weather charact,eristics of 
our west>ern ‘ ‘seininricl ” country. Trees growing on the 
northern, rather t8hm on the southern slopes, probably 
inclica.t,e the unfavorable effect of the intense heat on the 
latter, and possibly also of the greater amount of soil 
movement,. A dry climate, scanty vegetation, and the 
quick removal of the sands and clays by blie rivulets nncl 
streanis produced by t,he occ.asiona1 rains, combine to pro- 
clucc this curious Bad Land to ogra hy. Beaubifully 
green and fert,ile are the river valyeys tLough which the 
Northern Paciiic Railroad crosses Mont,ana, with their 
crops of cereals, alfalfa, vegetables and fruit, and with 
t,lielr farmhouses nestling down among the trees. But 
hack of t81iese oases t,here are the sagebrush and the bunch 
grass and the aridity of the semidesert, with their scnt- 

, while mimy dry farmers arc trying t’ered cattle 
t.heir luck on the de atable ground between the v d e y s  
and t,he desert. 

I’ellowstone .Nutiom1 Park.-Six davs, full of interest, 
were spent in the Yellowstone National Park (Sept. 3-5). 
Here, tis much as anywhere else on the excursion, 
‘weat,her” was obvious and compelled attention, not 

because it was unseasonable or unusual, but because it 
was diff erent-normally and naturally dserent-by 
reason of altitude, and lat,itude, and longitude, from the 
weather types of the East and of the Plains. A splendid 
variety of weather did that week in the Park bring: 

of harvest hands had here 1 tilted temporarily in the great 

umping water. 

and shee! 

Thunderstorms; chilly days, when the “winher overcoats 
and heavy unclerwear ” recoinmended in the D d p  Bul- 
letin of the Excursion were very welcome; cold nightas, 
wibh frost, nnd t81iin skims of ice on st,anding wat,er; 
snow s q u d s ;  bright,, clear, crisp mornings and evenings, 
mitali warin noons (diurnal ranges 3Ei0-3O0) when ills t,ers 
were n burden, even on t,he drives; nocturiinl rnclint,ion 
fogs; nud a diurnal variation in wind velocity so marked 
thiit driving through the forests was n relief af ter being 
in blic o en, and t,li:tt it  was tlnngerous to go near t,he etlge 
nf t.he c f) iffs a t  the Canyon of blie Pellowstone. Thus wii:.: 
t,liis interesting wetk made up, iin(ler varying c*yclonic. 
and i i n  ticyloiiic controls -a week of t,-ypicd “ inount,:iin 
;uid pl:it,eau” wetither in t,he mont,li of Sept,einber. hfany 
of t,he t,ypes recalled New England &t,ober or Noveinher 
weat,lier. So heavy was the frost one night t,hnt when it 
melted on the tops of the stages under t,he morning’s sun- 
shine there wits it rerit,itble little shower of raindrops. 
Dust t,liere was none until the last dny, thanks t,o t,he 
recent rains. Official Wenther B ~ i r e a ~  records of rilin- 
f d l  are maintained at  Mainmobh Hot Springs (mean 
iinnuitl. IS.SO inches), but it needs only a hasty glance a t  
tho  wgctatioii, while driving: to show t,hat there itre 
very cc)nsicleral,le cliff erences in  the rainfall in cliff ereiit 
port,iniis of the park, as there iniist, also he in snowfall. 
S:tgehrush nntI bunch grass indic.:itte seminridity in plac,es, 
while t.he higher slopes aiicl suinmibs have heavier pre- 
cipitation. (-)ne fact, of mebeorologicnl nnd of scenic 
interest, impressed itself upon the niintl of the writer. 
The ‘isteain” from hot springs and geysers must be 
much greater in amount in cold and damp weather. 
Hence it is reasonable to infer that hot, clry days ought 
to give t,he dearest, views of these phenomena. 

3’eUoiostona National P ~ w k  to  Secr.tfe.-From the Park, 
northwest and west, on the Northern Pacific Railroad, 
t,hrough green and fertile valleys, with crops of wheat, 
n.lfalftt, oats, potatoes, and other produce; with irrigation 
here ant1 dry farming there, t,he journey was continued 
t,ownrd t,he Pn.cific coast. The traveler must beware lest 
he carry nwity a rnist,nken impression regarding the avnil- 
n.hilit,y of this section for agriculture. The milroad nntu- 
rallv follows the valleys, which are clamp, irrigable, and 
well set,tlctl, and hare fairly abundant, tree growth. But 
hnc:li of the ohvious valleys t,here are the less olmious 
I)rnch ltiii(Is, where dry farming is now IieiiiE praabicetl, ancl 
where the t8recs are struggling up the s~nall side citnyons 
a11tl gtillies. And then back still farther t,liere coino the 
stmill less obvious str lies of se,niiarid sn.qehrush, treeless 
coul.it,rp, non-irrig:il)le, not aclapt,ed t,o dry f:i,rining, ant1 
suit,nldo o~ily for stock. Probahly about8 one-fourtB to 
one-t,hirtl of Montana is actually availa1)le for farming. 

Dry fnrmiiig is farming without. irrigation in a country 
jvIiere the rainfall is too small for successful agiiculture 
ualcss this rainfall is cared for ant1 conserved in a special 
n l l ( l  pculi:ty sv;iy. The prohlem is essent,i;i,lly climatic. 
It, t)ec’.nnies, also, a prnhleni of soil prepiration, and of 
the proper selection of seeds m c l  crops. But, given 
e n o u ~ h  :~ud  ~~~ell-clist~rihut~ed rainfall, there would be no 
tlrp-fn.rming problem. Breaking up the hard subsoil so 
ns to give bhe rainwater a chance to penetrate; keeping 
n t,hiii, loose miilch on the surface t’o check evaporat,ion; 
spring l d o ~ i n g , ~  so that the stuhhle may hold t,he winter 
sno\\rs ; cultivation iinmediahely aft’er t,he plowing ; a 
select,ion of crops which will ripen quickly, wdl come 
-~ 

1 4 brillin frost had been reported at Mammot.h Hot Sprinp, Aug. 31. 
m part. near the hot springs and geysers, by “Stean~.” 2 pupplie%. . 

3 This becomes fall plowing in districts of winter rains. Fall-sown cereals take nearly 
a year-to ripen. 
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nearest to maturity during tlie rain season, and which, 
being drought resisting,. can wait until rains come l- 
these are some of the sunple iiiicl essential methods in 
dry farming. Soil roperly treated by these methods, 

or even 10 to 13 feet. 
There are other problems for this region. There is the 

question of tlie permanence of dry farming. A steady 
succession of crops dries up the soil in a few ye:trs, whence 
arises the need of nitmuring and of cropping in alternate 
years. There is also the desirnbility of tree plnnting, 
Ilnd thus of making the farms murr 1iuiiieIike iiiid at trac- 
tive. \I liile there i.; in western h1oiit:iiiii to-day trio or 
three times a~iiiuc1idryf~rii i i i i~:as of irriKatrtl€~iriiiiiiK, tlie 
dry farming is :ill of such recent c1:ite that there :we :I good 
iiiaiiy cluestioiis coiicerniiig it, wliicli time done can niiswer 
One thing is sure: There is a pretty definite limit to the 
amount, of land which can he irrigated. TYater will not 
he available for any more. Land which cmi be irrigated 
is naturally worth a good deal mure tlinii tlilit which c:in 
not. Thus, in this western Moiit:iiia country, irrigated 
lmcls sell fu r  from two to four tunes :is niucli tts the Iwst 
6 . c 1 r J 7 , ,  lantls. Dry fnrms require n liwge areti. ITeiice 
modern agriculturnl machinery is R iiec 
use is grentlp facilitated 1)y the ti1)senc.e of irrigatiiig 
ditches. The best aclrice w1iic.h caii lie givcn to any 
farmer in this seniiaricl country is : “ JY’hererer you caii 
irrigate, migate; if you can iiot irrigate, dry farm.’’ As 
to the mean annual r:+fnIl limits for dry farniing in 
western Montuna, it is dlfticult to gire :in exact figure. 
Perhaps 12 to 13 inches would be :t fall. estimate, hut 
topography, winds, slope, soil, a n d  other fitctors are 
important controls aiicl warn us against attempting too 
close an estimate. \%ere the soil is rich, and the farmers 
are skilled in dry-farming methods, ;is is tlie ciihe in 
eastern Wasliiiigton, for example, with tlie Cferm:iii- 
Russians, dry farming has succeeclecl with less thnn 1.5 
inches of rainfall. An excellent statenieiit of the general 
economic aiid climatic status of dry farming has been 
given by Prof. W. M. Davis in the following words: 

I t  has not yet been tried through a long enough period to make sure 
that it is more than n precarious occupation, sometimes irofitnble, occn- 
sionally disastrous; i t  is invi tec1 more by  the low price oIarid lands than 
by  the certainty of crops; it can be best practiced by those who have 
enough hope or cnpital to survive one or two years of failure with two or 
three cif success. 

Across this inspiring hfoiit ana country-iiis;piriii:: be- 
cause of its ruggedness and the splendid energy of its 
people-over the “Great Divide”; though Butte with 
its cloucls of smoke and gigantic mining operations, antl 
Missoula with its irrigated fruit orchards, the train 
hastened on its westward journey in wonderfully clear 
anticyclonic weather, across the northern tip of Iclnlio 
into Washington, whose lionie nnme, the “Evergreen 
State,” clearly indicates one of the essential results of 
its climate. 

I n  eastern Washington, on tlie fertile soil of the decom- 
posed lams, Spokane, with a mean :tnnunl rainfall of 
about 1s inches. nnd a ritinfttll in April, May, and .Tune 
of less than -5 inches. is the center of zi district, of wonder- 
ful ngticultural prosperity. From Almira, soinewluitr 
west of Spokane, an excursion was made by motors 
through a clry-farming district where remarkable success 
has recently been attained with wheat in n district with 
considerably under 20 inches of rainfall a year. There 
is no water available for irrigation over these wheat fields. 
It must be dry farming or cattle. On a glorious day, 

under favorable contitions, P is damp down to 6 to 8 feet, 

. .  

1 The cue to this selection comes from the native gasses, which flow mostly UI spring 
and which ran ‘‘wait” for moisture. 

with clear skies, except for the soft haze which added a 
charm to the clistnnt view, and with :i riipid diurnnl warm- 
ing, the ptirty l i d  an opportunity to witncss harvesting 
by means of the latest horseless conibiiiecl reaper itnd 
liarrester (“caterpillar”), as well tis by means of one of 
the older machines clrawn by 24 horses. Here, a few 
feet uiicler the surface, the soil was tested and found 
clamp. wliile almve it there was thick dust. Here were 
wen acres :inti acres sow11 to \vlieilt, yirlcli~ig L’O to  25 
biiqli(’1s it11 a(*re, :ind giving (at, prewnt ) gootl crol)s iihout, 
four years out of five. H c r ~  tlir wlient ih  left, piletl u p  
011 llic fields, witliout fear o f  rain. Herr. iir()ti11(l the 
fnriiiliunse>. trees 1i:tx ( 3  lwei1 Ihntetl ,  ;ind \\inclniills 
pi11ii1) titer for (loinehtic irse i i i i i l  for fnrniyiird irrigation. 
J Ierc, iii tlie Cfriincl Coulee, iit the Jhltlain Riiiich, tlie 
excurhion piirty enjoyed true H ehtrrn liospitiility h o  

gcnerou< and so whole-hearted tlint, the clay will live 
always in tlie memory of those who were privilegecl to 
Le there. At Coulee City itself irrigation I y  pumping 
grountl . .  n-iiter h:is lirouglit plieiioiiienal succees in fruit 
r:i1~111~. What \V:W tliree years :igo ii hiigelJru411 tlesert. is 
to-tlny :! t IiriI-iiig pe:it*h orcliurd. 

I h y  imiiiiig lias berii rery succeshful over much of 
tlie Weht, hut there i:, :I limit t o  it. The journey houtli- 
wiiril on tlie tree1e.h 1av.n 1ilate:iu of  \Viisliiii<ton, a c r o ~ s  
tlie C‘oliiin1Ji;i River iit Ptisco. ant1 tlit.ii 
~iortli~\~eht\~:ircl up tlie valley of tlie Y:ikiiiin River, 
Lrouglit tlie train into a clihtrict. in the lee of the C‘nscacle 
Mountains, where the ~iiiiuill riiinfnll vtiries between i 
antl 1 8  inches, accorcling to topography aiid elev:tt8inn. 
I t  is here that man has turiiecl the desert into one con- 
t inuous gtirden. Here the wonderful orchards of apple, 
pesch, and pear trees, the fields of hops and dfitlfa, and 
tlie vineyards. reitching for miles ant1 miles in every 
dircctioii, iiiiike the tr:ivcler re:ilizt~ t l i i i t  the glowing 
:iccvuiits wliicli liiive heeii priiite(1 of tlii.: region iire not 

i11q)t~ slopes o f  tlie C’>isv:ides tlicre is i i  riiinfiill 1 0  or 15 
times :IS great) tis tlicit in the d l e y s  tit the enstern l~tse- 
ii r:iilifiill rehulting from the presence of the mountains 
in tlie path of tlie rain-briiiying westerly winds. It is 
this water which lias been collected for tlie use of man 
in t lie Takima irrigation 11n iject s. When completed, 
these projects are designed to supply water for 5oo.ono 
acres. and it is estiinatecl thtit tliere will lie enough water 
to irrigate all the :irnhle liiiicl in tlie 1-nl1i.y. Irrigation 
is lout an eapreqsion of miii’s t1iss:ttisfiiction with tlie 
nniount or rlistributioii of the local rninfall. At North 
Yiikiinn llliili lias expressed his tlissatisftwtion most 
einplinticidly by planning these great irrigation works 
which have revolutionized the whole settlement) and 
use of tlint pnrticular section. The interest of the 
climntologist in this Takima country is iiot so much 
in the iiuiiiber of ciirloads of fruit, wliicli tire sent out 
dailv. or in the value of tlie Inncl. or in the size of the 
nppies, pears, and IeacIies. His interest is rather in 
the relation of the d ry, leeward “r~iiii-sliiidO~v” valleys 
to  the well-watered niountain smiiniits. By reiison of 
their iiltitucle :ind location, tliehe iiioiiiittiiii suinriiits 
receive the heavy precipitation which largely makes up  
for the deficiency of rainfall in some of tlie lower ridleys 
to leeward. There is here an interesting esample of 
the compensation which is sonietimes seen so clearly in 
climatology. Very bright is the future of the 1-akima 
Valley. C tinning and evaporating plants will soon be 
built, and where there is now terrible waste of fruit not 
in coiiclition to ship, there will soon be a complete utiliza- 
tion of the crop. 

SO greiitlv el:igg:c.riitt.(l i1ftt.r iill. 011 tlifl suinmith :inti 
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From North 1-alrimn, past tlie orchards and fertile 
fields of Ellensburg, nncl then across the C’ascacle Moun- 
tains, the journey gnve cletir views of tlie treelessiiess of 
tlie lower laiids on the enst,, except where windbrenlrs and 
orclinrds have l w n  planted under irrigation ; of the intrr- 
esting overlapping of tlie forests froiii tlie rainy, we<terii 
slopes into the higher portions of the enstern valleys; nntl 
then of the tlenselg foreqted western slo~)es, with their 
wttterfnlls nnd 1% ater power, down wliicli the trail1 tle- 
scended on its way to Seattle. 

Tlie Pticijic con.qf--Sccrtilt> to Sun Frcinci.sco.-Ninc rain- 
less ant1 iriostly clouclless tlnys, itleal for traveling :inti for 
sightseeing. were spent on the Pacific coast. T’ery strilr- 
ing was the cont,iiist 1)etnTeen the cool, tonic air o f  tlie 
’l’ehwtoiie National Park, clnhely f~Jllo\vC(1 1)y the hot 
:m(l tlry air of  the dry-farniing country iiroiiiitl illniir:~, 
aiid then hy the (hiiiper niitl niorc iiiuggy iiiarine c1iiii:ite 
of Seattle. Tliere :ire inipressions o f  Seattle’s parks wit11 
their lwautiful flowers:. iintl grass and sIirulJhrry, risitetl 
on n warin tinticyclonic, day with northeast (oflsliore) 
winds niitl :I 1i:izy atmorpliere :’ of the steamer trip to 
Tncoiiin (Sept,. 14) d t l i  strong easterly wincls on steep 
nnticyclonic offshore grildients ; of the “unusually hot tlar 
for T:iconin. ” :is described by the reception coniniit tec 
there : and tlie striking illust,rntion of the lumher intluhtry 
seen in the liiige Doughs fir, over 0 feet in tliiiliieter, 
sawed up for the benefit of the party a t  a Taconin luniber 
mill. There wiis regret that  the liaze prevented good 
views of Moiint Rainier. hlost of the excursion Ixirty 
would prol~n1,ly :>gee with the sentiment, painted in large 
letters on :I. Tacomn signhoartl: “The Piiget Fouiitl 

nfter one visit,, tliiiik Portlniitl well nnnletl the. “ r o ~  city. ” 
A trip to The Dalles of the C’oluiiil~ia River ant1 tliclir 
famous lion-iriigntecl fruit orcliarcls gave opportunity for 
contrast with the irrigated district nt North 1-alrinin. 
Tlie strong clown-valley wind, on steep anticyclonic griitli- 
ents, was thick with ldowing s ~ n i l ,  and clenrly slion.rtl the 
need of the fences wliicll have been built n c r c ~  the du~ies 
to keep them froin burying tlie rai1ro:tttl triielrs. The 
chtiiige in tlie clierncter of tlie vegetntion as one journeys 
from The Dnlles clown the river to Por th id  is iin escr.llcnt 
L‘cnr-wiiidow ” olxwrrntioii of tlie increase o f  riiiufnll, 
whicli just about t r e l h  between The Dn1lc.s :iii(l Port1:intl 
(15 to 45 inches). 

At Metlforcl, in the Rogue River Valley of soutlieiii 
Oregon, there is another remarkable fruit district. Tlie 
iiienn mnunl rainfnll is not far  from 30 inclies, nntl tlic 
fruit growers tlifl‘er in tlieir views as to the ntlr:intiigiss of 
imig:ition. Some irrigate ; others (lo not. Tlic ntitiirtil 
vegetntioii of the district is slxirse nncl cconoiiiically 
worthless, hut fruit trees (chiefly apples iintl penrs) n n i l  
nlfnlfn are replacing tlie so-cdletl “desert, ” itlit1 hfetlforil 
is now the center of a xoperous c inc l  contented co111niiin- 

times allowed to grow ninoiig the trees to keep tlieni from 
bearing too heavily. Tlie c:inipaign against fro4 , wliicli 
is tlie most serious cliinntic ohstncle to  fruit growing, is 
in excellent linntls. Dr. P. J. 0’C;arn liiis clinrge o f  tlie 
locd “specinl” Weather Bureau station a t  hIeclfort1, and 
litis been taking nn active pnrt in “frost fighting,” stutly- 
ing local frost conditions, making frost forecasts, niitl 
esperiiiieiiting with the iiiost effective iiietliotls of prott>c- 
tion. L‘Siiiutlging” is here done with crutlr oil, nn(1 tlie 
orcliarcls are all provided with oil tanks, filled nntl rrmly 
for use. A motor trip from Medforcl to C’riiter I~iilre, in 

Country-Liin~l of Perfect SUllllllers, ” nntl n Olll(1, t’VC’ll 

ity. So abuiidnnt is t \ le fruit crop that weeds are wine- 

-~ ~ 

1 Maxiniiim temperature 76”, minimum, G2”; Sept. 13. 

iclenl wentlier conditions, gave a goocl siiniple of the strong 
diurnal ranges of temperature characteristic of iiiountaiii 
climates, niicl of tlieir crisp, fresh air of early iiiorniiig aiid 
late afternoon md night. At C’rnter Liilre itself n few 
patches of ltist year’s snow were still to l w  seen, a9 well as 
freslily-fallen snow of recent, cliite. 

Soutli of  Metlfortl tlie trniii passed through orcliwils and 
rinepnrtls, with :I cliiiiatic industry well illustrntd in tlie 
sun tlrying o f  pcticlies : :icross tlie Siskiyou Rlountainr, 
with tlieir cool :iir ~ i i i c l  niagnificent views, niid tlieii (by 
night) tlowii tlic w.estt~n sitle of the valley of C’nlifornia 
to  S:in Frnncisco. Wind-l)lown trees c1e:irly showed the 
prev:iiling ul)-r:dlcy wintls (southerly). After the well- 
watered ant1 forested sliores o f  Puget Soun11, tlie absence 
of tree growth :irouiitl S:in Francisco Bny was striking. 
But the ~’u1iforiii:in~ are sure in their estimate of their 
clinintic l)lessings, iis evitlencetl by tlie sign: “C’rops witli- 
out  irrigation. Icleal climate. Inspiring sceiiery in Nnpa 
C‘oun t y . ’ ’ S:i n Ihncisco it self w:is unconifor t ii bl y warin 
on Septeiiilwr 19, wit,li a iiinxiiiiiini temperature of 80’ 
mtl  light northerly wiii~ls.~ 

Aii excursion to Mount T:tlii:dpiiis (Sept. 20) gave ,z 
splclntlicl opportiiiiity to stv the fimious fogs of Sail 
Friincisco Bn y, wliicli Iiare lwen so tliorc iiiglily studied 
nnt l  so well pliotogruphrcl by Prof. A. C;. hIcAtlie. Even 
tlie hurrietl olmervations nintle by a traveler sliowed the 
“sen of  fog” over the ocean; tlie fog rolling over the tops 
o f  tlie coiist hills and tliswlviiig on tlie lee si(le; tlie west 
wind lringing in the fog tlirougli the Goltleii Gnte, into 
the lmy, wliere it gratlnally dissolved ; the L‘spilliiig over ” 
of  the fog :icross the coast iiiouiitaiiis wliere there were 
q p s ,  while elsewhere tlie range macle it shnrp dividing 
line; :intl the “fog l)illows,” so well dcwribed by Prof. 
hlc-lclie. The chill of tlie cool w h l  from the ocean was 
keenly felt, mil  tlie need of overcoats emphasized one 
well-lrnomn fent,ure of San Frniiciwo cliiiinte (maximum 
t,enilwrature Sept. 20, ciso). Another cloudless clay, a t  
hnn Francisco mi1 Berkeley (Sept. 2 I)  again brouglit tlie 
fog over the oce:in; the low temperntures with the westerly 
wintl: the evitleiit iaslinrc trnnsportatioii of fog particles 
uiitl (lust zintl sninlie from S a n  Frniicisco across tlie bay, 
nntl tlie cliarncteristic cool lnte iifternooii n n c l  evening 

S u n  Frtrnt iSC1J io D f  nv( r.-Early on the morning of 
Septeiiilwr 22, :i splenditl type of anticyclonic weather, the 
specinl tritiii of tlie American Geopphicnl  Society began 
to nscen(1 the western slopes of the Sierra Nevatln Moun- 
tains on the eiistwartl journey from Sail Francisco to Salt 
Lake C’ity. The vineyartls, tlie orclinrtls, and tlie orniige 
groves; niitl then tlir forests-too often reclrlessly cut 
:iway-of the liiglirr slupc‘s bore witness to tlie fnct of a 
sufficient niit l  ~~el l - t l is t r i l~ut~cl  water s~pp’1y.~ We neecl 
no iiirteorolcigicnl tables to nswre us tlint tliese iiiount,uins 
iire iitliiiiruldy situiited to give 11s :in esniiiple of the 
increase of rninfnll with altitude. If we desire the nuiiier- 
ic:il proof, we have it in the recortls o f  mean nnnual rnin- 
fall I~etweeii Sncrumento aiitl Summit. Between tliese 
two stations there is an increase of rainfall of about 0.4 
inch for caverp 3; feet o f  e1ev:ition. Tlie rctte of increase 
is greatest :it n1)out 1,000 meters, aiid becomes negative 
:il)oue 2,000 meters. The inem :innun1 rninfnll a t  S;itcrn- 
nieiito is 1!).40 inches; a t  Suiiiiiiit (‘7,017 feet,) it is 4S.07 
inches. 

At  
Sunimit the iirernge nnnual fall of snow is 36 feet (433 

The hizlier elevations have very lieuuy snowfall. 

I On this same day Frecuo hnd n niasimuni of 98”; Los Angeles of 100”; Sacramento 

9 The traveler from the east. on reaching Colfax, is greeted by the sign at the railroad 
of 9 4 O .  It was thus dbtinct.ly a warm spell over this general region. 

st.atiou, “Tou are now in the ;ich nnd fert.ile Sacramento Valley.” 
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inches). Twice in 33 years the amount litis renchecl 65 
feet (7’75 inches). The heavy siiowfall has iiecessitntetl 
the construction of about 40 miles of siiowsliecls vi-er 
the t,rttcks of the Southern Pacific Railroad, aiul t o  the 
est :tblisliment8 of tin elaborate system of watchmen niitl 
of “fire trtiins” to keep these sheds froni being destroyecl 
by fire. From Signal Peak nearly all of the siiowbhetls 
ciiii be seen by the watclmen, who are nlways 011 gum1 
there, and a t  their sunlmons the “fire trains,” coilhisting 
of tank cars filled with water, kept rezicly c l a y  and night, 
nre run a t  high speed to the scene of the fire. These 
fires, i t  may be noted, tire not usutillj- due to the loco- 
motives. The siic)wsheds, z t~ ic l  these preciiut,ioiis :igaiiist 
fire, as well tis the siiowplows, inrolre :L henvy c.alieiisc 
on the part of the rctilroctcls--:L splendid illustrntioii of :i 
cliiiintic control over railroad operation. 

Trareling tlwough these ninny miles of snowsheds is 
far from agreeable. The view is greatsly olstructetl, iintl 
the siiioke from the oil-burning loconio t iws iii&eb the 
air unpleasnnt to brezitlie. Yet tliese very clisconiforts 
only serve to emlhs ize  the clinintic lesson which the 
sheds tench-the lesson of lienvy siiuwfdl, c)ii the ul’1)er 
slopes of a high mountain range, neiir the w w n ,  in tlie 
path of the prevailing westerly wintls. Truly \\ ell 
iimietl were tlie Ne\-acla mountnuis. 

From the crest of the Sierra Neviicla the tlescent into 
Nevaclu is raid. Similarly, the chnnge in riiiiifall is 
rnpicl. The traveler ciiii iiot f u i l  to notice tlitit tlir 
siionrsheds eltend :I niuch shorter t1istnnc.c. eaht of the crest 
of the niounttillis than t u  the west ( w u i c l n - d ) .  Jle tliere- 
fore infers at, once t1i:tt the tiiiiount of siion-fall decrtwes 
rapidly 011 the etistern (leewtrcl) side of t8he suniiiiith. 
The green slopes niicl forests of tlie west are rel)l:iced 1)y 
the siigebrush and dlieil fo ivs  of wgetutioii on the east. 
From a rainfall of 50 inches :it Sunimit we clesceiirl with 
startling suddenness into tlie NevLiclit desert, with it+ 
nlkali flats, its dust, iiiid its less than 5 iiiclies o f  r:iinfall, 
but nlso with its green oases of irrigation with their trces 
ant1 cattle. Two clays in iiml about Salt Lake (‘ity 
(Fept. 23-24) gave op1)ortunity to see what hiis 1)eeii 
acconiplishecl in the home and center of iiioclerii irrigtit ion 
uiiclertiihig in the Uiiitecl States. 

Utah must always have t very peculiar iiitereht for 
m y  traveler who is in search of clinintologicnl facts, for 
here is Great Salt Lake, with the inevitable reiiiiiitler of its 
greiit iincestor, Lwke Bonneville, end here was the begin- 
ning of iiiotlerii irrigation in this country. Stilt I ~ k e  
City,. Ogden, m t l  Provo :ire nll irrigated onqes, 1)ut t1i.j- 
fariiiiiig I S  tilso prwticecl to some extent, tis, e. g., brtwc.cn 
S d t  Lake City and Provo, where fruit, sugar )wets, 
:tlfnlf:i, aiitl regetnbles nre the chief crops uiicler ;i n iem 
niiiiuul rnuifdl of zibout 14 inches. TWO of the c l n p  
(Sept. 24-25), with fresh :mi1 cool northwest winil nntl 
fair skies, were n fine ty1)e of nutunin :inticyc.lonic* 
weather over the Great BtisU~, “light, orercont weather,” 
if we use the convenient vvercont scale for teiii1wr:iturc. 
LLProtect XAour  shipiiieiits against 40’ in a11 clirct.tion.;” 
wis the S1iiI)pers’ Forecast on the Salt Lake C’ity mal) 
for Septenilwr 5 3 .  011 the 1il:il) for September 24 it w:is 
st at  ecl : 

The northwestern high pressure is spreading eastwnrG and ciiiitli- 
ward, and caushg cooler weAther prxtically everywhere 111 the Roc 
hlountain, Great Basin, nod Pacific States; and in Utd i  this fair, ( 
weather is expected to continue for at Ienst 36 hours, Fit11 heJx y 11 
and freeainlg temperatures to-nqlit in exposed localities. 

The local salt works on the shores of Great Salt J ~ k r  
furnished a good illustration of the application of c h i n -  
tology to hunim industry. Here almost ideal conditions 

. of mi tu rd  evnyoratioii, uiicler tlie bright sunshine, give 
quick clrybig. The less fnvoruble climatic conditions for 
eralmrxtion zit tlie salt works a t  Syracuse, N. T., were 
naturully rec.nllec1. 

Thc fruit orc1i:irtls : t i i t1  green fields ant1 slindecl st,reets 
of Griiiiil vJuiictioii, (’oh., stood out in sharl) contrast 
ugaiiist the mked cliffs in the Ixickgrouiicl. Gray itiitl 
Lure ~ i c l  useless for agriculture is :ill that tlistrict except 
where it is irriga t ecl . 

Two of tlie C+overiimeiit irrigation projects are in this 
region. Cattle niitl shrep 11izt1iiigt! tu liiitl subteii:iiicc 
wliere fruit t i i i ( 1  trees and cerenls can not grow, am1 in 
live stock western C‘oloraclo has fouiitl iiiucli lroiit. 
W:) t er puwr  ill iiicreitsiiig ttinouii tu is k i n g  furnishecl 
by the stremis which descend f rmi  the rainier iiiouiit,Liins 
into the drier vnlleys. Fine clear h y s ,  witli crisp iiiorn- 
iiigs :tiit 1 evenings and w~trn i  ~iooiis, niwkecl the trip 
through this district’. That the nocturnal niuiiniii hiid 
Ialleii below ;32 O wns thuiiclnn tly )roved bg the frozen 
croljs. x glorious cltiy (Seljt. 2‘7f fur the trip across 
the C‘ontinentd liiride (Hagerman P ) was favorable 
fur ~IJSWX atioiis of “ car-window” atology. The 
increiisiiig. tree growth with increasing altitude pohitctI 
to iiicrrusiiig rtiinfall. P:itclies of siiow on iiort,h slopes 
eiiil)h:ihizetl the low teiii1)erattiires and the im1)ortitiice of 
ei1)c)surr. The long icicles on tlie water tmlis and the 
i1.e (Soatiiig oii stiincling w-utrr gave lion-uistruiiientul 
rcbcor( Is of teniperntures below freezing, lasting for some 
hoiirh. Wintl-IJlowii trees Iliclicatetl 1)reuiluig westcrly 
niiicls. Tlie diurnal variation in wind velocity was n 
iii:irke(l ~ i c l  natural coilsequence of the weather type 
: i d  of  the tol)ogrtipliy. Snowsheds again called at8tentioii 
to the haiiclicitp of deep snows. South Park, wit81i its 
iewl ,  qeen  fields, ruicl its surrounding snow-covered 
iiioiiii tniiis a t  trac tecl at  teii tioii to the import niice of 
Coloriitlo’s ii:iturd piirks ;is grazing iireab, nnt l  :is present - 
:ant1  future 1ie:tltli ni ic l  p1e:isure resorts. 

Oiic of the picture 1)ost csarcls coiiiiiiualy sold in Deliver 
represents :I iiiii1) of the Vnitetl States, all iu tlnrli slititling 
with the exception of one bright yellow, sunny 
arountl Denver. Uiicleriieath are the worcls: “See t i t i t  
spot ’! That’s it.” To the great regret of the reception 
conimittee of Deliver citizens, the (lay in that city (Sept. 

cloudy, ant1 unsettled, with cold northerly 
1 by rain in the evening. I t  was diu- 

tiiic-tly *6~~~ii i ter-o~-ercoat”  wentlier.’ This cloucly m t l  
rniiij- hl)tdl  v:iiiie in the southern and southu estern 
ciiiaclraiits of it \vell-tlevelol,ecl antic-yclone, niitl g:tre 
raui the nest nioriiing during the tril) through the Royal 
Gorge of tlic Arknnsns, the clay continuing cool and 
owrc:ist. In ensterii C‘uloratlo the irrigated fruit, orchnrtls 
t i n t 1  neltls of C‘iinyoii City m c l  of Fueblo, ant1 the green :tiid 
fertile I d t  in tlie v d e y  of the Arlinnsus, were g:ootl types 
of  the irrigation \rhicli extends nloiig tlie e:tsterii base of 
tlie Roc-ky 1louiit:tins. The iiiiportnnce of the sug:tr- 
bcct iii(lii+trj- wtis evident, in the sugar-beet factories aiicl 
in the freight trains all loaded with the beets. It was 
c u j -  to see why disputes linve arisen between Ihisiis 
i i i i ( l  C‘olcmdo regsrcling water rights in the Arkansns 
River. C‘diiriitlo 1iinkc.s gre:it tleiiinntls i i 1 6 1 i  the river 
1)cfore I<aiisiis ever hi ts  a n  olq)ortiiiiity to take water 
froiii it. 

Net0 Mexico cmd Aiizoiia: Raton to Pha.nix.--‘ ‘Through 
a semiarid and monotonous country, which, however, 
iiiakes some response to irrigation.” Thus Baedeker’s 
“United States” describes the railroad journey though 

1 Maximum temperature 4”. 
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New Mexico. Semiarid, yes; but monotonous, never! 
Those vast stretches with their yucca, and cactus, ancl 
artemisia, and bunch grass; with their foothill covering 
of pifion and dwarf cedar; with their brown, gray, and 
red mesas and rolling hills and niountains : with their 
adobe houses and scattering settlenieiits and struggling 
trees wherever there is water; with their historiciil a+ 
sociations of the past in their clitf-dwelling nnd nn- 
cient pueblos, ancl their promise for tlie future where 
water is being si1 plied ; with their Ixtking sunshine 

afternoon clouds on t,lieir mountains; their wonderful 
sunrises iincl sunsets ; the crispness and freshness of early 
morning ancl late afternoon and night; the inspiration 
that comes from their vastness and their loneliness! How 
can even the casual trmeler wlio crosses these great States 
on the fast, trains of the Santa Fe or of the Southern 
Pacific find the journey monotonous ? Surely, the stamp 
of aridity is el-erywhere. It has made its mark on nature 
and on man, and on all the activities of iiiaii. But 1% 

desert is no more monotonous than are green fields, or 
vast forests, or the waving wheat of our prairies. Grim, 
indeed, are these plateaus ancl mountains. Tast they 
are, but monotonous, never. The desert lins a charm 
peculiarly its own, and ha 1. are those who feel i t .  
‘Arizona: the Sunset Land!’ ‘Thus has it been called, 

nnd truly does it deserve its name. wonderful has been 
the efiect ol this southwestern cliniate u ion the unfortu- 

An esciirsinn froiii Santa Fe to a neighboring pueblo 
inevitably brought up the problem of the former larger 
population of this region, and the possible reasons for the 
abandonment of the ancient dwellings. Climatic “chnnge” 
s e e m  to offer the simplest solution of this proldem. 
Rut is it the only one ? The tri I by wagon from Adamiina 

nevertheless gave the escursion party, on the hot arid 
dusty drive, a fiie esample of the strong cliurnal variation 
of temperature characteristic of our Southwest. No finer 
display of cumulus and cuniulo-niuibus cloucl develop- 
ment could have been desired than was witnessed during 
that day-the typical cloud processes of our arid region. 
The deep sand ‘‘wttshes” on both sides of a t37)icrtl stream 
channel, wlfwh forced most of the pnrty to walk in order 
that tlie wagons could be drawn across, drew rt 
to the floods of these desert streanis in “cloudbursts,” 
chiefly in July and August. Wells have been dug liere 
and there along the river bottoms, and water has been 
found in sufficient quantity for domestic purposes and for 
the use of cattle aiicl shee 1. Arid ancl unproiiiising this 
country looks as pasture land, with its rabbit brush niicl 
other characteristic vegetation. But, i t  is, and will be, n 
stock region of some importance. It can never lie n 
farming countr . There is enough natural pasturage for 

limited; otherwise overstocking and deaths by starvation 
will result. 

At  “Sunshine ” s tation-well named, indeed-there 
was standing a long train.of tank cars full of water which 
had been brought 50 miles down the line. From the 
bottom of the tanks the water flowed into a sluiceway, 
and thence into a large unclerground tnnk, from which it 
was pumped by nieans of an efigine to nn elevated tank, 
above the track, for locomotive purposes. Thus inan 
has to lan ancl to provide what nature has  not given 
him. h o  can adequately describe the glorious wonders 
of the Grand Canyon--lts grandeur,. its coloring, its 
impressiveness? Surely, much of ths glory must be 

and fitful rains; t E eir varying lights and shadows; tlie 

nate “liinger?” who have here found hea I th and strength. 

to the Petrified Forest, chie B y of geological interest, 

a limited num x er of cattle, but this number must be 

attribu ted to atmos heric conditions and phenomena- 

smoke and soot; to the wonderful cloud effects; the 
changing lights and shadows; the distant showers : the 
rainbows; the sunrise and sunset colors, and, in winter, 
the snows. The guidebook tells us that we ought to visit 
the cany011- 
in  the e.irly springq I ~ e f ~ r e  the hot .re.uoti and the wins of July sild 
August .mi\ e. Althiiugh in the winter iiioiitlis, referably December- 
J:inii:~ry, while the keen, thin, colt1 air ninkes the !rivinq 2nd horseback 
exciirsions lesq .igreeChle, the effects yiven by cloud and snow under the 
biillimt shies x e  x xletl  :md striking. 

A very real appreciation of meteorological conditions is 
contained in these sentences, but no traveler should be 
deterred from visiting the Grand Canyon a t  any season. 
There is never a time when the varying play of the weather 
elements does not give beauty and variet’y in that won- 
derful region, and never a time when these elements 
combine to give any long-continued serious discomfort. 

Phoenix, Ariz., was the southwestern terminus of the 
transcontinental excursion ; Phoenix, surrounded by those 
great stretches of Arizona desert, with their giant cactus 
nnd their mesquite shrubs, and itself green and smiling 
and very irosperous in the midst of its palm trees, its 

of oranges, peaches, olives, grapefruit, figs, pears, plums, 
dates, melons, and sugar beets. Very striking is the 
sight of the giant cactus-the lingering represent ative of 
tlie former desert-standing in the newly irrigated fields, 
its base hidden in the damp green alfalfa: the old and the 
11 ew . 

The visit to Plioeni\;, Ark., and an excursion to the 
Roosevelt D ~ n i  emphasized some impurtttnt facts in Ari- 
ZOlii t  climatology. Southwestern Arizona is extremely 
arid. Tuina, for esanipltl,e lias an average annual rain- 
fnll of only slightly orer 3 niches. There is thus far too 
little water for iigriculture in any form withnut irriga- 
tion. But, Arizona is not :ill :is near tlie sen level as is its 
southwstt~rn corner; i t  is fortunate in having its moun- 
taius nntl its plateaus. Over these forested mountains 
and plnteniis fall the rain and the snow which is of such 
v i td  importance in irrigation. If Arizontt were all low- 
1:ind it wniild he a very hopelessly dry region. The rain- 
fall raries almost directly with tlie altitude. From a 
nieitn of less than 5 inches in the southwest, tlie amounts 
increase to almit 8 inches a t  1,OOO-2,OOO feet; to about 
12 inches a t  2,OOO-4,OOO feet; to over 14 111c11es at  4,000- 
(i,000 feet; nnd to 16 to 2U inches nt nltitudes of over 
G,OOO feet. It is thus orer the higher country of Arizona 
that we finil the so-called “is1:intls”-they might better 
be cnllecl ‘ ‘ lakes ”-of heavier rainfall seen on the detailed 
rainfnll niaps. From these ‘lakes” flow rivers. These 
rii-ers, w-lien daninied, as  in the case of the Salt River by 
tllr Roosevelt Dttni, supply wnter enough to irrigate 
tliousantls of acres. 

The trip from Phoenix, in tlie Salt River Valley, up into 
tlie mount:iins t u  the Roosevelt D w ~ ,  was iiiacle on Octo- 
ber 4. While two rtntlier lienvy showers were encoun- 
tered before the lower, level country wtts left behind, it 
was clear from ohservntion of the clouds that tlie moun- 
tains were receiving far more ritinfnll than tlie valley. 
At the dum, 2-k h(J1lrS of heavy rain prevented tlie pwty 
from retiiriiing to Phoenix until a clay later tlinn liad been 
~ilanned, tlie journey Iiack being too chigeruiis, if not 
uiipssible, for motors. This long, dreary clity a t  tlie 
Ruoserelt Dani taught a n  iniportant cllliinfic lesson. It 
emphasized most strikingly the value of Arizona’s moun- 
tains in supplying the water which the State so greatly 

to the dryness and t K e clearness of the air, far from city 

wheat, bar 11 ey, and nlfalfn fields, and its wonderful crops 
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needs. Tlie value of this one spell of rainy weather to 
the farmers ancl fruit growers of the Salt River Valley 
was surely to be reckoned in thousands of dollnrs. Phoe- 
nix receives, on the average, less than 8 inches of rainfnll 
annually. Over tlie watershed behind the Roosevelt 
Dam about 12 inches fall. These 4 inches seem rela- 
tively insignificant. Rut it is just these 4 inches, result- 
in.. froin the difference of altitude, which, wlien carefully 
colected and store11 nncl wisely clistribute(1, 1ii:llic tlic 
glory of the Salt River Valley, of which Arizonn is so 
justly proud. 

For tt week, from Septemlxr 30, the excursioii party 
was in tlie “deserts” of New hIesico and Arizona. Eain 
fell on five of these days. At Santa Pe, on tlie nfternvun 
of September 30, there WRS ta shower between 3 ~ i i d  4 
p. in., following the growth of massive cumulus, niid later 
of cumulo-nim bus clouds over the niountnins during the 
inorning hours. On the afternoon of October 1, wlille nii 
excursion was being innde from Sunshine Station to Crater 
Butte, there wits again a wonderful derelopnient of 
cuniulo-ninibus clouds which resulted in ninny slinwers 
of short duration-those fitful, uncertain showers wliicli 
are so characteristic, of the iiiore tarid portions of our 
country, ixnd which are followed by such a wontlerfully 
refreshing siiiell of wet soil. October 2 ,  at the Grand C ’ m -  
yon, brought a heavy tliunderstorni between 7 n n t l  S 
a. in. On October 3, also a t  the Grand Canyon, 2% tlimicler- 
storin occui-red in tlie evening. On October 4 tlirre werr 
showers in tlie early niorning, ancl during the motor rick 
to the Roosevelt Dam showers interfered with tlie outdoor 
luncheon generously provided by tlie citizens of Phoenix. 
The heavy rains of October 5 were referred to 111 the pre- 
ceding paragraph. All these rains came a s  n surprise to 
the )arty. To experience a heavy thunclershowcr Rt 
Suns 1 line seemed a contrttdiction of nnture. Being in 
a “desert” region, no rain wzis expected. In fact, these 
New Mexico and Arizona rains were almost the only rains 
which were met with in the loqg trip of eight weeks. 
They were, therefore, of singiilar Interest. 

To tlie excursion party the best clefhition of n desert 
seemed to be this: A dace where it rains when you nrr 

for dust” was tlie advice given to the party wlien it 
stnrted on the motor ride to tlie Roosevelt Dnm, but 
raincoats, not dusters, were tlie real need. 

Taken in the large, there are two rainy sensons over 
this New hIexico and Arizona country. One of these- 
tlie iiiost marked-conies in July and Augyt ,  extentlllig 
in )laces into early September. These rams are rsseii- 

rainy season, which is less marked, comes in the colc1t.r 
months ancl results from the passage of the usual cycloiiic 
storms of the winter. An exnniination of the clailj- 
weather nin IS sho1~7s that  the showers of Septenilwr 30 

cyclonic disturbance. On October 2 there was a con4(1- 
erixble area of unsettled weather 111 the far Southwest, ln i t  
no general rains. Tlie thunderstomi of Octnlw 3 I\ tib 

again purely local. On October i a trough of low prw- 
sure extended froin north of North Dakota soutliwcbt t o  
the Pacific mast, with a good deal of clondlliess antl sc:it- 
tered thunderstorms. In tlie 2-1. lioiirs encling nt S ; I .  111. 
October 5 Santa Fe received 0.56 inch; Flagstnfi’, 1.7s 
inches; Yuiiia, 0.04 inch; and Phoenix, 0.14 inch. Tlic 
all-clay rain a t  the Roosevelt Dnin on October 5 was part 
of a general sturin which had devclopecl from tlie unset- 
tled conditions of October 4, n n d  a t  8 a. ni., covered the 
Plains States, mid the central Rocky Mountain and Pln- 
teau regions, accompanied by widespread rains and 

there, and where it is I 1 ry the rest of tlie time. “Prepare 

t i n  h y local, niountain, or convectional rains. Tlie other 

nnrl of Octo t ier 1 were lc)ciil, a n d  not part of any general 

snows. Tlie disturhitnce was central over Utah nnd Colo- 
rado. During the 34 hours ending at Y n. n ~ ,  October 
6, Santa Fe had received 0.04 incli; Flagstaif, 0.34 inch; 
nnd Phoenix 0.06 inch. The rainfall nt the Roosevelt 
Dam, not reported on the weather map, w:ts much h i v -  
ier than that at Phoeiix. Thus tlie rains wliicli were 
experienced in New Mexico antl Arizonn afforded an 
cscc3llent illustration, as we might my, of the precipitct- 
tion conditions of tlie two rainy sensons in this ‘ L ~ l e s ~ r t  ” 

regioIi-the local showers of siininier, nnd tlie general 
rains of tlie coldrr niontlis. Tlic escmsion pwty  of tlir 
Aiiirrican C;eogr:ipliic:il Society w:is .;ingulnrly fortunate 
in linving this niteresting esperieiice in tlie ralliy desert. 

‘r(J n su1)erficial observer of these deserts it seems as if 
irrigittion must coinpletcly ant1 successfully solve nian’s 
ngriculturnl 1)rublenis. But here, as  ererywherc, the 
ulqxirent solution of one problem oives rise to otlier new 
nncl unex1:rc t et1 problems. ~ o & e r e  is tlierc ~ i c ~  of 
struggle. The rise of tlie ground-water level as the result, 
of irrigation cnuhes a de osit of nlknline salts on the sur- 

alkaline desert. SO the ground-water level must be kept 
down IJY pumping, nnd the pumped water, in order t l i n t  
the excess of salts niuy be neutralized, must be inixetl 
with fresh water before it ctin he used for irrigation. The 
irriga tit )Ir canals nre hortleretl by weeds. From these, 
wecls tlrol) into the water :tnd :we tlktrihutetl over the 
fieltls nncl tlirougli the orcliards, giving rise to another 
n t w  ~ ~ r o ~ ~ l c n i .  Thus the eteriinl struggle of nian against 
nature goes on in varpiiig phases. 

Pliociiir to A‘Ew I ork.-A series of climatic ((snap- 
shots,” tnken in quick succession on the run from PhoenL.; 
to hIemphis hy way of Kansas Cit , summarized much 
tlia t hac1  been previously observel in  a more leisurely 
way. From the semiarid Southwest to the humid East, 
froin the larid of smishhie and cactus and of irrigation 
t o  the lniitl of cotton arid forests, mighty rivers, and 
n1)iintlnnt rainfzill, d in t  n change ! In  recalling that 
flyiiiq trip one thinks of the snow and the cold a t  Flag- 
staff (Oct. 7 )  ; the evidence of recent heavy rains in the 
muddy streams and the pools of water standing on the 
desert ; the curious dense fog near Aclamana (Ariz.), in 
tlie &tnip, cool iiiorning air; tlie stock pens and loaded 
cattle cars; tlie irrigation in the Rio G r a d e  Valley; the 
loht w( mtlerful desert sunset in New hlexico, which drew 
e\ ery member of the party to the observation platforms 
to witch the brilliant colors in silence. Then cnme, in 
c uick suweqsion, tlie irri@inn and good c r o p  in the 
lrkansns Valley in west ern I<ansar  ant^ the tlry farming 
l ~ c k  from tlie rivtlr, with the scattered fitrniliouses and 
11-iiiclmills antl the very few trees; the sense of infinite 
ciistance on the Great Plains, but the lack of the romantic 
~ l i n r m  of the Southwest; tlie cr~ssing of the historically 
c r i t i d  one-hundredth niericliaii; the grndual but per- 
fectly eritleiit change from treelessnew, dry fnrming, nncl 
iii:lny winhiills to bigger fields, better c r o p  of corn, 
sorgliuni, :ind winter wheat, larger, more frequent and 
inore cflective wind-brenks, more native trees, fewer 
wintlmills, continuous farms, more towns, more fcople, 
greater prosperitv. Thus Ih iws  City mas reacliet L I ~  tlie 
late afternoon of October S. 

On tlie journey 
from I<ansas City to Ptlemphis the cotton fields, abunclant 
trw, grou tli, 1unil)er niills, ~ v o o c l w o r ~ i g  industries, mid 
nn ice pl:iiit gave clear indications of a warm climate and 
( ) f  n1)undont r:iinq. A muggy morning. in RIemphis con- 
trasted strnngly with tlie dry, invigortttmg air of Arizona. 
A trip tlomn the Mississippi to Helena (Ark.) on a beauti- 
ful October aiteriiooii gare glimpses of cotton hales, 

face. Thus the irrigate( ? desert hiis in places becoiiie an 

Tlie rest of the story is soon told. 
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CONDENSED CLIMATOLOGICAL SUMMARY. 
In the following tdde  :ire given, for the rnrious stsctions 

of the Clinintological Service of the Wenther Rureau, the 
average temperature and rainfall, the stations reporting 
the highest tti icl  lowest temperatures with dates of oc- 
currence, the stations reporting the greatest niicl  least 
monthly precipitation, alii1 other diit:i, as intlicatetl by 
the several headings. 

The mean temperatures for ench section, the highest 

n.ncl lowest, tenipernt,ures, t,hc :irerage 1) rec i pi ta tion, ant1 
the grestcst nntl least nioiit,lily aiiiouiit,s are found by 
using d l  trust,moi-thy recortls arni1:il)le. 

The nieiin depmtures from norninl temperature nnd 
precipit,xtiun are based only on recimls froni st,nt,ions that 
hnve 10 or niore years of ohsermtions. Of course the 
number of such records is sninller than the t,o bnl nuiiiber 
of st+t,ions. 

CONDENSED CLIMATOLOGICAL SUMMARY O F  TEMPERATURE AND PRECIPITATION BY SECTIONS, 
DECEMBER, 1012. 

England.. .......... I 
Kiug City.. ......... 
Monn men t .......... 
4 st.ations.. ......... 
2 stot.ions.. ......... 
Pahala, Hawaii.. ... 

................. ............. 
Kansas ............... ........... 

............ 

~~ ~ ~~ 

I U W ~  

hfiasissippi.. ......... 
Missouri.. ............ 
Nontana.. ........... 
Nebraska.. ........... 
Nevada.. ............ 

...... 

hlichigan ............. 2S.l; + 4 . 0  Allvgan.. ........... 6'' 
& m o t a . .  ........ _ _ I  i0.0 I+ 5.0 II Pipestone. ........... ~ 1:11 I 

Waynrshoru ........ 
Gallo.. ............. 
Heron.. ........... . I  
'2 stations .......... _ '  

..... ......... 
....... ....... 

New Jrruey. .' 36.9 + 3. i I 2 st.ntions.. 
New h1psh.o.. 

\Vaverlr.. .......... 
./ 29.1 1- 4.0 1 1  Hell Rauvh.. 

..... 1- _ _ _ _ . j  -., 74 

..... , - I  

.... .I lil; 

Terns.. ........... 

sonth ('arolinn.. 

Trnnrssee.. 

~ ~ 

Alabama. ............ .............. 1 ........ 
.... Arizona.. ............ ......... 

Arlinnsas.. ........... 41. i - 0 .5  .......... x 
Calilomia 44.7 - 3.0 
1~'olorado.. 21.2 - 3.9 
Florida.. ............. 62.7 + 4. H 
(:eorgia ............... 4V.3 + 2.4 

Idaho 
Illinois.. ........... 

............. 
........... 

Eawaii (November). 1 70.9 ....... 

........... 

New Tork _ _ _ _  _ _  _ __ .__  
........ 

... ........... -15 
Peunsylrania.. ...... ....... .I 
Porto Rico.. ......... ... .I 

.......... ...... 

.......... ............ 
in.. ...... ......... 
.......... 
.......... .... 

t Other dates also. 

Precipit.ation (inches and huudirdths). 

Greatest monthly. 2 .  
2 s  e2 
5s 

k x  
~ 

:a. Station. 

a 
t 2.0s 
- (1. x5 
- 1.41; 
- 3 . 4 5  
- 0. 40 
- n.ti.5 
- n.67 
....... 
- I ) .  47 
- 1.27 
- 1.42 

- I). 49 
+ 11. 22 
4- 7. R l i  

- i1,GIi 
+ 11.13 
t 4,s: 
- 1.5s 
- n. :YJ 
- n.45 

t 1.11; 
- 11. S.j 

: ;;: ;; 
~ 11.:3; I 
- 1.23 
- 11.115 
- 0 . 5 4  

' 

1 

+ 1.1'11 
+ 0,;s I - (1. 51 

IJrmcipolis. ........ - 1  
('hlitrsons Mill. .  ..... 
Portland.. 
Writ.i.hlw. 
1 :Ia~lstune.. 
H V I J ~ ~ U X O . .  ......... 
hIbrshal~vi~~e. ....... 
Hakalau.. ......... .I 
1;ranol Forks.. ...... 

Scot.tsbiirg. ......... 
Northwoud.. ........ 
Chonu te ............ 
Frauklhi.. ..... .....I 
Uunnldsonvillr.. .... 
Siidler~rille, hld  ..... , 
(~alllllwt.. ........ ..I 
1)lllut.Il. ............ 
Wuodvillc .......... 
('aril t.hersvillr. ...... 
Snlt.rsr.. ............ 

.......... 
......... 

~ 

......... 

Hileyville. ......... . I  

Nilliann ............ 
(':llvin.. ............ 
II:lppy Humc.. ..... 
Pnvono Lake.. ...... 
Rio Omude _ _ _ _ _ .  _ _ _  

Thist l~.  ............. 

11.34 
2.19 
&4!I 

15.511 
2.11 x. 42 
5. !E 

34.31; 
s. 45 
2. S? 
3 . 3 ;  
1.75 
1.12 
I;. 31 

2s. IM 
5 . 2 5  
4. i 4  
1.111 

17. 40 
2.86 

111. i s  
1.10 

7.44  
r ; .  23 
3.1;; 
i. 27 
7.11 
3.13 
2 . x  
1.77 

1s. 34 
1;. 4v 

1!1. 74 
1;. 111 
1.75 
<.l,l 

11;. 57 
:;. XI I 

1. i n  

Least monthly. 

I 

.~ 

M n a .  .............. 

............ 
2 stations.. ......... 
ciamet.. ............ 
Springfie1,l.. ........ 
('ollrperille. ........ 
2 st.ations.. ......... 
3 stations.. ......... 
Pa l11[':i h ............ 
Plain Draling. ...... 
C'nmbPrland, M i l . .  .. 
Ply mi 211 t h .......... 
\Vnrthingtun.. ...... 
Aust.in. ............. 
s 11 bk t.t. ............. 
Huntlry.. .......... 
.... lu. ............. 

Asherille.. .......... 
I; stations.. ......... 
Napol~oii .  .......... 1 
Beavrr.. .. ..........I 
Richl:in$l.. 
C.PUt.l'r m11. 
I'antr;tl Aciiirre ..... 

t.tk hfwiutain.. ... 
tations.. ........ .I 
ringtun.. ......... 
x t  fm. ........... 
inknvill~. ......... 

.......... 

~ 

........ 

3.02 
0. (10 
0.05 
IJ. 00 
I). 00 
( I .  li(i 
1.36 

0.15 
0. IW 
n. 31 
0. 2-1 
n. io  
I). (10 
2.12 
3.114 
1 . N  
0.23 
0.16 
3. S i  
0. 00 
0. on 
I). (n 
0. no 
1.21 
3. -10 

T. 
0.19 
0.90 
T. 
0.00 
0.3s 
1.12 
0.16 
0. YO 

n. 8s 

n. (KJ 
1. !x) 
I). in)  
0. nu 

Lrbmlull.. ......... . I  0. :,!a 
I<emit,wivli.. ....... 1 (I. 29 
Riirliiiptnn.. ........ 1.45 
0shku4l.. .......... 0.73 
4 stations.. ......... 

, -  
In the above table in the February, 1911, Monthly Weather Review, page 310, the mean temperature departure lor Virginia should read + (plus), instead of - (minus) aa printed. 


